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EXECUTIVE SUMMARY 
To reduce fatalities and personal injuries due to vehicular impact with light poles, it is 
desirable that these light poles break away at their base when hit by a vehicle whose 
velocity exceeds 20 mph. One of the most common type of breakaway coupling connections 
used in the U.S. consists of four double-necked alloy steel couplings that connect light pole 
bases to their concrete foundations. Use of specific devices requires approval from the 
Federal Highway Administration (FHWA) for use on Federally aided highways. This portion 
of the research project tested several coupling designs fabricated from free-cutting brass to 
replace the steel and aluminum couplings in use. This switch to brass couplings is expected 
to result in significant cost savings to the State of Illinois due to reduced production and 
acquisition costs and greater longevity due to the corrosion resistance of free-cutting brass 
vs. steel. 
The overall goal of this project was to validate the use of free-cutting brass 
breakaway couplings compared to existing approved couplings.  Two types of drop test 
experiments were planned to conduct this evaluation, those with a single coupling and those 
with four couplings. The goal of the first series of tests was to better understand the 
ungrouped and fracture behavior of single couplings.  A total of 14 concrete pedestals were 
prepared for this purpose. The goal of the second series of tests was to evaluate 
performance of four couplings in a configuration similar to current practice.  A total of 12 
concrete pedestals were prepared that each supported four couplings.  For this latter group 
of test specimens, it was planned that six of these would be for a strike angle of 0 degrees 
between a line of couplings and the angle of strike, three would be for a strike angle of 45 
degrees, and three for a strike angle of 22.5 degrees.  A total of 50 brass couplings were 
prepared for use in this project. In addition, a total of 12 Transpo couplings were used to 
provide a basis of comparison for the brass couplings. 
  The testing program was conducted in an iterative manner in which the plan for the 
next test was influenced by the outcome of the previous test.  A total of seven single-
coupling and 14 four-coupling tests were completed.  The results of the single-coupling tests 
revealed that external groove notches were needed to cause rupture due to the combined 
forces of shear, bending and tension.  The most significant test variables were:  (a) the 
number of grooves; (b) the depth of grooves; and (c) the root radius of these grooves that 
were cut into the couplings. The outcome of the iterative testing program was a semi-final 
design for the brass breakaway couplings so as to demonstrate very similar behavior in the 
drop weight testing to the crash tests of the Transpo SPM 4100 couplings.  For each brass 
coupling design, there was a fracture failure that resulted from a drop of 128 pounds starting 
at a height of 13.3 feet above the impact point that produced an impact velocity of 20 miles 
per hour.  However, failure was not observed when the drop weight was slightly decreased 
or the depth of the groove was reduced. The semi-final geometry obtained consisted of a 
hollow hexagonal coupling, with one 0.165 inch deep groove with a root radius of 0.125 
inches at the mid-length of each coupling.  
In the second and third phases of this project, full scale impact and the fatigue lives 
of couplings at various wind speeds were considered.  Subsequent full-scale pendulum 
impact trials of actual steel and aluminum light poles resulted in minor modifications of the 
basic design developed in these drop weight tests that satisfied the impact deceleration 
criteria of 5 m/s [16.4 ft/sec] at 20 and 62 mph.  This deceleration limit was established by 
the FHWA as the threshold value beyond which vehicle occupants could sustain serious 
injury. 
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CHAPTER 1  PROJECT MOTIVATION AND OBJECTIVES 
 
1.1 MOTIVATION 
The State of Illinois presently uses breakaway couplings at the bottom of light poles that 
are designed to allow these poles to break free from their supports when impacted by small 
vehicles (1800 lbs mass) travelling at or above 20 miles per hour; see Figure 1(a).  The impact 
velocity and deceleration experienced by vehicle occupants are restricted not to exceed a 
maximum deceleration of 5 m/s [16.4 ft/sec].  Breakaway couplings are required for all light 
poles nearby roadways which are not behind guard rails.  Couplings have also been designed 
so that the height of the fractured remnant or stub of the device after impact does not exceed 4 
inches in height so that the remnants do not entangle the vehicle or puncture floor panels, 
gasoline tanks or fuel lines.  The performance and testing requirement for these couplings are 
described in NCHRP Report 350, Recommended Procedures for the Safety Performance 
Evaluation of Highway Features (Ref 1), which applied to safety systems approved before 
January 2011.  The safety acceptance criteria for 2011 and afterwards is found in the Manual 
for Assessing Safety Hardware (Ref 2). 
The shape of the Transpo No. 4100 coupling presently used by the Illinois DOT is shown 
in Figure 1(b).  The couplings are sometimes hidden from public view and shielded from the 
elements by a cover as shown in Figure 1(c), or they may have a stainless steel screen around 
the base of the pole to prevent animal entry.  The geometric details for one of the Transpo 
double-necked No.4100 couplings are given in Figure 2.  Additional information on these 
couplings is given at http://transpo.com (Ref 3). 
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CHAPTER 2  RESEARCH PROGRAM 
2.1 OVERVIEW 
The rapid dynamic response of the four couplings could not be predicted by 
either analytical or numerical methods.  Therefore experimental testing was needed to 
determine and validate the geometric details needed to achieve the desired breakaway 
performance.  Particular attention was given to the number and depth of the grooved 
notches where fracture would originate.  This determination required an iterative 
experimental testing methodology, in which the results from one test were then used to 
determine what to do in the next test.  For this testing program, a total of 50 brass 
couplings were machined by BMPR and 26 concrete pedestals were fabricated at the 
University of Illinois.  In addition, 12 Transpo couplings were acquired in order to make 
a direct comparison between the breakaway performance of the brass and Transpo 
breakaway couplings. 
 
2.2. CONCRETE PEDESTAL DESIGN AND FABRICATION 
The pedestals were designed and fabricated to simulate the concrete 
foundations used in actual  field construction where  threaded anchor bolts are 
embedded.  A total of 14 single coupling  concrete pedestals and 12 four-coupling  
concrete pedestals were fabricated at the University of Illinois, and then shipped to 
Taylor Devices in New York.  The initial testing was done using single couplings to 
make a coarse assessment of the susceptibility of the couplings to impact fracture in 
shear versus that of global bending.  This was followed by testing using four-coupling  
pedestals.  All pedestals were designed to be anchored by a post-tensioning to a 
support system.  To this end, four PVC tubes were cast in each pedestal to enable the 
passage of high-strength threaded rods to the anchoring reaction mass.  In order to 
handle these pedestals, which could weigh up to 300 pounds, a lifting handle was 
embedded.  This handle was embedded horizontally in the casting form since the 
pedestal needed to be rotated 90 degrees for the drop weight testing.  One of the 
intended variables in the research program was the angle between the line of action of 
the gravity impact and the line of the couplings.  For the 12 four-coupling specimens, 6 
were designed to have an angle of 0 degrees, 3 were designed to have an angle of 
22.5 degrees and 3 were designed to have an angle of 45 degrees with the line of 
action of the falling weight.  The position of the handle was made different for each of 
the three groups of four-coupling tests so that the specimen hung in the right position 
for mounting when held by this handle.  The geometry of the single- and four-couplings 
pedestals are shown in Figures 4 and 5 respectively. The pedestals were placed on 
pallets for shipment as shown in Figure 6. 
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CHAPTER 3  TESTING AND RESULTS 
3.1 OVERALL RESULTS 
Testing was conducted in an iterative manner, since this was the most effective 
means to determine the pattern of groove notches that were needed to provide 
equivalent performance to the approved Transpo coupling.  A total of 21 tests were 
conducted.  
As presented in Table 1, the first 7 numbered tests were on single-couplings, 
and the remaining 14 tests were on four-coupling configurations.  The tests were 
ordered by test date as shown in the second column of Table 1.  In all tests, the drop 
height was 13.3 feet, which was calculated to produce an impact velocity of 20 miles 
per hour. Table 1 also presents (a) the drop weight; (b) the number, depth, and radius 
of the grooves; (c) the specific coupling numbers that were used in each test, (d) which 
version of the strike tube was used; and (e) the overall result from the drop-weight test.  
The difference between the “original” 5” diameter (Ø) and “revised” 9” Ø strike 
tube was that the 9” Ø tube had substantially thicker walls, a 1” thick  base plate, and 
½” fillet  welds were used to connect the strike tube to the steel base plate.  The results 
from each test have been characterized in Table 1 as a combination of:  
 
“N.G.” = No Good  
“Bending” = coupling bent without a complete fracture 
“Rupture” = a single coupling  ruptured 
“Bounced” = that the weight bounded off the strike tube without fracturing any couplings 
“Slip” = the concrete pedestal was observed to slip against support block upon impact 
“Top Rupture” = only the top coupling ruptured; four couplings in a “diamond” pattern;  
slippage noted 
“All Rupture” = all four couplings ruptured 
 
Table 1. Description of Tests and Results 
 
 
Test ID Date Weight Configuration Type Coupler #s Strike Tube Test Result
(lbs) Number Radius Depth
1 6/9/2008 100 0 N.A. N.A. Single Brass 2 Original N.G.; Bending
2 6/10/2008 100 0 N.A. N.A. Single Brass 3 Original N.G.; Bending
3 6/12/2008 100 2 0.125 0.125 Single Brass 4 Original Rupture
4 6/16/2008 53 2 0.125 0.125 Single Brass 5 Original Rupture
5 6/16/2008 35 2 0.125 0.125 Single Brass 6M Original Rupture
6 6/18/2008 35 2 0.125 0.075 Single Brass 7 Original Rupture
7 6/18/2008 53 2 0.125 0.075 Single Brass 8 Original Rupture
8 6/23/2008 140 2 0.125 0.075 Square Brass 10, 11, 12, 13 Original N.G.; Bounced/Slip
9 7/14/2008 140 2 0.125 0.075 Diamond Brass 10, 11, 12, 13 Original N.G.; Bounced
10 7/16/2008 160 2 0.125 0.125 Diamond Brass 14, 15, 16, 17 Original Top Rupture
11 7/17/2008 160 2 0.125 0.15 Diamond Brass 18, 19, 20, 22 Original Top Rupture
12 12/16/2008 100 Diamond Transpo Revised Top Rupture
13 12/16/2008 127 Diamond Transpo Revised All Rupture
14 12/16/2008 113 Diamond Transpo Revised All Rupture
15 12/17/2008 127 4 0.0625 0.125 Diamond Brass 23, 24, 25M, 26 Revised N.G.; Bounced
16 12/17/2008 160 4 0.0625 0.125 Diamond Brass 23, 24, 25M, 26 Revised Top Rupture
17 1/5/2009 160 4 0.0625 0.15 Diamond Brass 27, 28, 29, 30 Revised Top Rupture
18 1/6/2009 160 1 0.125 0.175 Diamond Brass 32, 33, 34, 35 Revised All Rupture
19 1/6/2009 127 1 0.125 0.175 Diamond Brass 36, 37, 38, 39 Revised All Rupture
20 1/7/2009 128 1 0.125 0.165 Diamond Brass 40, 41, 42, 43 Revised All Rupture
21 1/8/2009 128 1 0.125 0.15 Diamond Brass 44, 45, 46, 47 Revised Top Rupture
Groove Details
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Table 2.  Coupling Condition after Drop Weight Testing 
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3.2 TESTING ORDER AND OBSERVATIONS 
This section provides a description of the test results in the order that they were 
conducted.  Only a selection of the collected images is presented in this section. For all 
images and movies, the reader is referred to the digital folder that is described in 
Appendix A.  The testing on the 7 single coupling assemblies is described in 3.2.1 and 
3.2.2.  The configuration of the test setup for these 7 tests is shown in Figure 10. 
3.2.1 Single Coupling Tests: IDs #1 & #2 (6/9/2008 – 6/10/2008) 
Table 3. Specimen Description and Results from Test #1 & #2 
 
 
Test #1 was completed without a base plate between the bottom of the coupling 
and the top of the concrete pedestal.  Not surprisingly, the assemblage bent at the 
threads. 
Test #2 was conducted with the base plate in place.  The coupling bent as 
shown in Figure 11 and as coupling #3 in Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Test ID Date Weight Configuration Type Coupler #s Strike Tube Test Result
(lbs) Number Radius Depth
1 6/9/2008 100 0 N.A. N.A. Single Brass 2 Original N.G.; Bending
2 6/10/2008 100 0 N.A. N.A. Single Brass 3 Original N.G.; Bending
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A new 9” Ø strike tube was fabricated by Taylor Devices, as it was apparent that the  
5” Ø strike tube did not accurately represent the geometry of an actual pole connection 
to the base plate.  In observations of previous tests, the smaller strike tube was not 
transferring tensile, shear and bending forces in a manner commensurate with actual 
pole design, but instead was sustaining minor levels of bending that were observed 
during videos of the drop weight testing.  In addition, the load transfer through the 
smaller 5” diameter pipe and the 3/8” fillet welds resulted in dissipation of elastic energy 
directed toward bending of the tube rather than by direct transmission to the couplings 
so that their rupture could occur.  Table 6 presents the results from the three tests with 
Transpo couplings (Tests #12 - #14). 
  
Table 6. Specimen Description and Results from Tests #12 - #14 
 
 
The Transpo couplings were observed to rupture at a drop weight of 127 lbs.  
However, the drop weight tests of the Transpo SPM 4100 couplings failed the American 
Association of State Highway and Transportation Officials (AASHTO) crash criteria by 
leaving two 5.5” long stubs intact.   Because these stubs are made of a proprietary high 
strength, high sulfur, high phosphorus modified SAE 4140 alloy steel, they require at 
least 1,000 lbs to break off a single coupling remnant.  As such, they represent intrusion 
points that could penetrate into the passenger compartment floor panels or the fuel 
tank.*   This is in violation of Table 5 of the AASHTO Manual for Assessment of Safety 
Hardware.   Two couplings broke cleanly at the bottom notch, and two at the top notch 
under drop weights of 127 and 113 pounds, whereas only one coupling ruptured under 
a drop weight of 100 pounds.  A picture from the 113 pound test is shown in Figure 18. 
 
*NOTE: In subsequent full scale pendulum tests, the Transpo SPM 4100 couplings also 
improperly fractured.  In tests conducted at Valmont Industries, three 5.5” long stubs remained 
after pendulum impact.  
 
 
 
Test ID Date Weight Configuration Type Coupler #s Strike Tube Test Result
(lbs) Number Radius Depth
12 12/16/2008 100 Diamond Transpo Revised Top Rupture
13 12/16/2008 127 Diamond Transpo Revised All Rupture
14 12/16/2008 113 Diamond Transpo Revised All Rupture
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Table 7. Specimen Description and Results from Tests #15 - #17                                                                 
 
  
Test ID Date Weight Configuration Type Coupler #s Strike Tube Test Result
(lbs) Number Radius Depth
15 12/17/2008 127 4 0.0625 0.125 Diamond Brass 23, 24, 25M, 26 Revised N.G.; Bounced
16 12/17/2008 160 4 0.0625 0.125 Diamond Brass 23, 24, 25M, 26 Revised Top Rupture
17 1/5/2009 160 4 0.0625 0.15 Diamond Brass 27, 28, 29, 30 Revised Top Rupture
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CHAPTER 4  SUMMARY AND CONCLUSIONS 
 
The majority of the effort in the first phase of this project and its associated 
expenses were directed to experimental determination of what groove geometry for four 
free-cutting brass couplings would provide the desired breakaway performance.  While 
the character of the test program was iterative, time consuming, and required 
considerable discussion and communication among the University of Illinois, the Illinois 
DOT, Taylor Devices, and the Technical Review Panel members, a suitable shape of a 
single groove notch was determined in a systematic and progressive manner.  Because 
of this, the most useful data are the final tests that determined the limits of 
unacceptable and acceptable performance expected in an impact event. The results of 
these final tests are as follows:  
 
1.  Rupture of all four Transpo SPM 4100 couplings was observed in drop 
weight Test #14 where a 113 pound weight was dropped from a height of13.3 feet onto 
a 9” Ø x 18” long strike tube that connected four Transpo SPM 4100 couplings to a 
concrete pedestal.  The drop of 13.3 feet was calculated to result in an impact velocity 
of 20 miles per hour.  Couplings were arranged in a “diamond” pattern, 45⁰ relative to 
the line of strike of the falling weight.  The test setup was gradually refined so that the 
amount of energy directed to slip, elastic and other plastic deformations was minimized. 
  
2. Using the same configuration, but using a 100 pound falling weight in  
Test #12, only the top coupling of the four Transpo couplings failed.  When the Transpo 
couplings ruptured, they left 5.5” long stub remnants which violated the AASHTO post-
impact safety test criteria.  In a subsequent full-scale pendulum impact test not reported 
in this study, three Transpo SPM 4100 5.5” long stubs remained after impact. 
 
3. Using the same setup as above, rupture of all four free-cutting brass 
couplings occurred in Test #20 under a drop weight of 128 pounds from 13.3 feet when 
a single groove notch was cut to a depth of 0.165 inches with a root radius of 0.125 
inches at the mid-length of the four couplings. 
  
4. Only one of four brass couplings failed in Test #21, even though the test 
configuration was identical to Tests #18-20, because 1/8” root radius grooves were only 
cut to a depth of 0.150 inches.  The similarity in performance of the brass breakaway 
couplings vs. the approved Transpo SPM 4100 couplings indicated to the Technical 
Review Panel that a viable design was ready for full scale pendulum impact testing.   
The Valmont Industries test facility at Valley, NE was subsequently used by the 
University of Nebraska-Lincoln for final FHWA certification for field use of the brass 
breakaway couplings under light pole base plates.   
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CHAPTER 5  DROP WEIGHT TEST LIMITATIONS 
Despite the very similar results between the performance of the Transpo SPM 
4100 couplings and single mid-length groove notch brass breakaway couplings, there 
were several factors that were not investigated in the drop weight testing program. 
 
1.  The angle of strike of the falling weight relative to the orientation of the 
couplings was not completely explored.  The moment of inertia for four couplings in the 
“diamond” and “square” configuration are virtually equivalent.  Although at the time of 
drop weight -ing this factor was considered significant, but its importance dissipated 
because the mid length notch was subsequently changed to a circular notch rather than 
using indexed grooves on each side of the hexagon bar stock.  This meant that no 
matter which direction the base was impacted, the each coupling would have virtually 
identical impact absorption in all directions.  This assumes that the machining of the 
notch is completely concentric with the internal screw threads. 
 
2.  The distance from the point of impact from the mid-height of the couplings 
was fixed in these tests.  This distance varies with the type of vehicle, height of the front 
bumper and ground conditions.  FHWA has set this height at 18” for test convenience 
and standardization. 
 
3.  The flexural stiffness, length, and weight of the utility or light pole can vary.  
The diameter of the base cylinder affects the local stiffness of the pole at the point of 
impact.  The location of the primary access hand hole can also affect this localized 
stiffness.  All these factors substantially influence the crash characteristics of the 
couplings, including the radius of gyration of the pole, its mass, and wall thickness 
which affects pole deflection and energy absorption. 
 
4. The level of tightening/torque that was applied to the couplings is a 
substantial factor.  The level of torque influences the amount of coupling preload, the 
stresses applied to the notched section of the coupling, and any torsional component 
when tightening the coupling.  With higher torque levels, preload stresses can change 
the amount of impact energy required for rupture.  In the drop weight tests, 100 ft-lbs 
was the limiting torque.  To limit the factor of preload, 50 ft-lbs was set as the limiting 
torque in the pendulum impact tests. 
 
5. The lateral stiffness of the concrete base structure may not have been 
perfectly equivalent to actual foundations.  The foundations used for most light poles 
are set by Illinois DOT standards.  However, this factor was well governed by use of the 
large reaction mass and the oak block to limit slip during impact by the drop weight. 
 
6. The compressive stiffness of the impacting nose of the falling weight is 
substantially greater that the impact of an automobile bumper.  In the drop weight test, 
a very rigid impact weight was used, and would only represent the impact of an engine 
block or a very rigid truck bumper against a pole.  In the FHWA pendulum impact tests, 
a crushable nose made of layers of aluminum honeycomb is used to simulate the 
crumple zone of an automotive bumper, radiator and frame. 
 
7. The impact velocity of the falling weight.  Due to height limitations, a 62 mph 
test could not be simulated in the drop weight test conducted in this study. 
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APPENDIX A:  DVD: PICTURES, VIDEOS AND TEST DATA 
The collection of pictures, images, and acceleration records that we recorded in 
this research project are presented in the digital folder that is available at 
https://netfiles.uiuc.edu/kuchma/shared/IDOT. Table A-1 presents a list of the 
information available from each test. 
 
Table A-1. Pictures, Videos, and Test Data 
 
 
Acc. Other
Data File
1 6/9/2008 Test1 Movie1.mpg Test1 Picture1.jpg Test1 Picture2.jpg N/A N/A
2 6/10/2008 Test2 Movie1.mpg Test2 Picture1.jpg Test2 Picture2.jpg N/A N/A
3 6/12/2008 Test3 Movie1.mpg Test3 Picture1.jpg Test3 Picture2.jpg N/A N/A
4 6/16/2008 Test4 Movie1.mpg Test4 Picture1.jpg N/A N/A
5 6/16/2008 Test5 Movie1.mpg Test5 Picture1.jpg N/A N/A
6 6/18/2008 Test6 Movie1.mpg Test6 Picture1.jpg Test6 Picture2.jpg Test6 Picture3.jpg N/A N/A
7 6/18/2008 Test7 Movie1.mpg Test7 Picture1.jpg Test7 Picture2.jpg N/A N/A
8 6/23/2008 Test8 Movie1.mpg N/A N/A N/A
9 7/14/2008 Test9 Movie1.mov Test9 Picture1.jpg N/A N/A
10 7/16/2008 N/A Test10 Picture1.jpg N/A N/A
11 7/17/2008 N/A Test11 Picture1.jpg Test11 Picture2.jpg Test11 Picture3.jpg Test11 Raw Data.pdf N/A
12 12/16/2008 N/A N/A N/A N/A
13 12/16/2008 N/A N/A N/A N/A
14 12/16/2008 N/A Test14 Picture1.jpg Test14 Picture2.jpg N/A Test14 Notes1.docx
15 12/17/2008 Test15 Movie1.mov N/A N/A N/A
16 12/17/2008 Test16 Movie1.mov Test16 Picture1.jpg Test16 Picture2.jpg N/A N/A
17 1/5/2009 N/A Test17 Picture1.jpg Test17 Picture2.jpg Test17 Picture3.jpg Test17 Picture4.jpg N/A N/A
18 1/6/2009 Test18 Movie1.mov Test18 Picture1.jpg Test18 Picture2.jpg N/A N/A
19 1/6/2009 Test19 Movie1.mov Test19 Picture1.jpg Test19 Picture2.jpg Test19 Raw Data.txt Test19 Notes1.doc
20 1/7/2009 Test20 Movie1.mov Test20 Picture1.jpg Test20 Picture2.jpg Test20 Picture3.jpg Test20 Picture4.jpg Test20 Raw Data.txt N/A
21 1/8/2009 Test21 Movie1.mov Test21 Picture1.jpg Test21 Picture2.jpg Test21 Picture3.jpg N/A N/A
Picture File NamesMovie File NameDateTest ID
